Introduction
Nitrous oxide (N 2 O) is used in automobiles to improve engine output via increased oxygen delivery to the combustion chamber. N 2 O is stored as a liquefied gas for automotive use at 950 psi with 100 parts per million sulfur dioxide to deter abusers of inhalants; 1 effects of the additive include airway edema and bronchoconstriction. 2 Exposure to N 2 O vapors (boiling point -89°C at atmospheric pressure) can readily cause frostbite, and canisters must be handled with care. 3 Case report A 24-year-old man presented to the emergency department with inhalation injury after his family witnessed him taking LSD and inhaling N 2 O from an automotive canister. He had a history of polysubstance abuse and depression. The patient was combative, and his voice was muffled. He required 6 liters of oxygen via nasal cannula to maintain oxygen saturations above 85%. His lips were erythematous, edematous, and blistered. There was moderate edema and erythema of the buccal mucosa, with severe edema, erythema, and blistering of the palate and oropharyngeal mucosa.
Flexible nasopharyngeal endoscopy revealed moderate edema of the choana, nasopharynx, and supraglottis. The glottis appeared normal. There was erythema of his right malar region and on the thenar webbing of his left hand.
Due to his oxygen requirements and concerns for progressive airway edema, awake flexible fiberoptic endotracheal intubation was performed in the operating room. Flexible bronchoscopy was also performed, revealing mild edema of the trachea. The patient was then transferred to the intensive care unit in stable condition. Intravenous dexamethasone was initiated.
The patient self-extubated on postoperative day 1. Examination of his oral cavity was notable for necrosis, sloughing, and pseudomembrane formation of the superficial mucosa of the palate and posterior oropharynx (figure). Topical sucralfate was administered to enhance healing. The first-degree burns on his face and hands were treated with silver sulfadiazine.
The patient admitted to staff that his actions were a suicide attempt. After psychiatric evaluation, he was transferred to a behavioral health facility. On 2-week follow-up, the patient's voice had returned to normal and he had no respiratory compromise. The skin around his lips had healed completely, and his oral mucosa had continued to heal.
Single case reports are exempt from institutional review board evaluation at the University of Kentucky.
Discussion
Injuries to the patient's thenar webbing, cheek, lips, and proximal mucosa of the upper airway are consistent with witnesses' accounts of his contacting the nozzle of the N 2 O canister with his hand and mouth. Frostbite from exposure to the subzero vapors is the likely mechanism of injury to his face, hands, and upper airway. Duration of exposure, the temperature of the vapors, and the distance from the cold source determine the extent of the injury. More severe exposure may cause life-threatening airway obstruction, as in the case reported by Svartling et al. 3 Pertinent to this case is the automotive source of the N 2 O. The canister with 950 psi pressure has a significantly higher potential for barotrauma than the whipped cream dispensers (30 psi) that are commonly used by inhalant users. 4 Additionally, the sulfur dioxide additive in automotive N 2 O might have contributed to the upper airway edema and introduced the risk of bronchoconstriction.
2 Therefore, after securing the 5 Other articles report the use of prophylactic antibiotics to counter local depression of the immune system in exposed tissues. 3, 5, 6 Sucralfate, a medication used to promote healing of mucosal ulcers, may be helpful but is of unproven benefit. Care should be given to prevent airway obstruction from necrotic mucosa that sloughs off during the recovery phase. 7 Injury to the mucosa occurs from frostbite through two mechanisms: direct cellular damage and vascular stasis. Ice crystals form in extracellular fluid at temperatures lower than 2°C and cause cellular damage from direct mechanical disruption. Additionally, cellular dehydration results from intracellular fluid shifts to the newly hyperosmolar extracellular space. Upon thawing, a rapid intracellular influx of water causes intracellular swelling and leads to edema. 5 Further tissue death has been noted from cellular apoptosis, progressing 2 to 8 hours after exposure to freezing temperatures. 8 As early as 2 hours after thawing, vascular stasis contributes to tissue edema and necrosis. Damage to endothelial cells causes increased capillary permeability and tissue edema. 8 Tissue injury and the release of prostaglandin F2α and thromboxane result in platelet aggregation, thrombosis, further edema, and necrosis. 5 Few long-term sequelae of oral and upper aerodigestive tract frostbite have been published. Kuspis and Krenzelok reported small areas of necrosis of the tongue and lower lip requiring resection in a patient with extended exposure to fluorinated hydrocarbons. 7 Scarring of the oral cavity and contracture of the mouth was described in a case by Svartling et al. 3 Speech therapy may be beneficial for patients with lasting damage to the tongue, lips, and oral cavity.
Strictures of the airway may be a long-term concern, but they have not been reported in the literature.
Indeed, studies of freezing tubular structures such as the esophagus have demonstrated strictures in animal models; however, the trachea appears to show more resilience to frostbite. 8 Early experiments subjecting canine tracheas to circumferential freezing resulted in local necrosis followed by rapid regeneration of mucosa and epichondrium. 9 The tracheas appeared grossly normal at 28 days, with no strictures attributable to the freezing. In our case, the healing seen at 2 weeks in our patient and the likely limited duration of exposure to the nitrous oxide improved his long-term prognosis.
As exemplified by this case, it is important to explore the motives for inhalant use. There is a high rate of abuse among teenagers trying to experience the euphoric effects. 4, 6 Obtaining a full social and psychiatric history is crucial to the diagnosis of substance abuse and corresponding risk factors, as well as psychiatric disease and suicidal ideations. Early psychiatric evaluation and intervention are necessary for safe disposition of the patient.
To the best of our knowledge, we report the first case of upper airway frostbite from intentional inhalation of automotive N 2 O. The presence of perioral, digital, and upper airway burns in a young patient are suggestive of frostbite from volatile substance abuse. Exposure to subfreezing temperatures causes mucosal necrosis and swelling due to direct cellular damage and vascular stasis.
Edema and necrosis of the airway may require intubation or tracheotomy of the patient. Use of corticosteroids and antibiotics may be of benefit. Long-term sequelae are sparsely reported, but patients should be evaluated for airway strictures and functional effects on speaking and eating on follow-up appointments. 
